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Development of research on optimising cow welfare conditions has been mainly triggered by the need to increase the profitability of cattle production. New recommendations regarding cattle production have obliged breeders to modernize barns built in the years . What was particularly emphasised was the need to create or improve milking areas. Herringbone milking parlour is the most popular parlour type in Poland, because it does not require a large space and is relatively easy to modify (Romaniuk et al., 2005) .
The total time a cow spends in the milking area may vary depending on the number of milking routines per day. Usually, the average length of milking is between 8 to 10 minutes and it is conducted 2 or 3 times per day (every 12 This work was financed from Department of Rural Building statutory activity. or 8 hours). Timewise, cows spend only a short period of time inside the milking parlour, therefore it is generally assumed that indoor conditions are not significant in terms of cow welfare. According to common presumptions, milking will be successful if the facility is well-ventilated and it has been equipped with proper machinery; if a good milking routine has been established; and if the operator works in a proper and comfortable way (Turner and Chastain, 1995; Munksgaard, 2001) .
However, cows that are milked in the last technological group are already anxious and tired when they enter the milking parlour from the holding area. Milking routine increases sweat production and breathing frequency, consequently leading to the increase of inside air temperature and relative air humidity. If the parlour is not adjusted for the so-called fast exit from the milking stalls, the time animals spend inside the milking area increases unnecessarily. In large farms, milking is handled in several technological groups, which leads to gradual deterioration of temperature and humidity conditions inside the milking parlour as subsequent groups pass through the building. Also operator workplace comfort is decreasing in the course of the milking session.
Positive pressure ventilation system supplies fresh air from the outside through inlet fans installed in the side wall. Fans supply fresh air to the milking parlour, where the air is mixed creating pressure, which pushes out the contaminated air through gravitational outlets located, for example, on the roof (Gooch and Bickert, 1999) . Such a ventilation system should ensure continuous air exchange inside the milking parlour so that temperature and relative humidity of air do not increase excessively, which could decrease cow welfare, worsen operator's working conditions and cause thermal stress, especially in the summer season (Spiers et al., 2004; Zähner et al., 2004) .
material and methods
The research aimed at determining the impact of barriers (positioning the cows during milking) and partitions (dividing the return lane from milking stalls) on the movement of air supplied into the milking parlour. The study included measurements of the following parameters: velocity, direction and spread range of supplied and exhaust air, temperature and humidity of air before and after milking.
Field studies were conducted in June and July 2010 in a 2×10 herringbone milking parlour, located in a free stall barn for 176 dairy cows at a cattle farm in the village of Kobylany, the Małopolska region.
The dimensions of the milking parlour were as follows: width: 7.15 m, length: 12.95 m. The milking area was located in the south-eastern part of the barn (Figure 1 ). The height of the parlour equalled 2.81 m when measured from the floor level and 3.71 m from the level of milker's pit (Figure 2 ). Entrance to each of the two rows of milking stalls from the holding area led through a gate. The return lane was located along the longitudinal outside wall of the building. It was divided from the milking area by a partition wall of 150 cm in height. During milking, cows were positioned inside the stalls with the help of barriers, typical for this kind of milking parlours ( Figure 3) .
The building was equipped with a positive pressure mechanical ventilation system. The part responsible for air supply included two wall fans type S produced by Wentech (power: 0.25 kW, diameter: 40 cm, maximum efficiency: 5600 m 3 ·h -1 ) with blinds. The fans were installed on the southern wall at the height of 241 cm above floor level to their axis. The part responsible for air exhaust included two outlet openings, 30 cm in diameter each, located in the roof (Figure 4 ). All parts of the ventilation system (holes of air inlet and air exhaust ducts) were clean.
The cows were milked two times a day: at 5 am and 5 pm. Taking into consideration the time spent on bringing subsequent cow groups from the holding area to the milking parlour and the return lane, total milking time was 2.5-3 hours. There were approx. 160 cows in the barn divided into 3 technological groups. The milking routine was handled by one operator.
Air flow inside the parlour was monitored by observing the movement of smoke from smoke generators, registered electronically. Also momentary measurements of air flow direction and velocity (Windmaster 2) as well as temperature and relative air humidity (hygrometer-thermometer HD8901) were conducted. The measurements were performed at two levels and in two cross-sections, before and after evening milking. Outside air temperature was registered as well. 
results
Temperature and relative humidity measurements, conducted in the first days of July before evening milking at approx. 5 pm, revealed that air temperature inside the milking parlour was lower than outside temperature by 0.5-1.5°C. Generally, the temperature remained in the range 16.9-18.2°C. Relative indoor air humidity was similar to outdoor air humidity: between 58.6 and 62.5%. By the time the first 20 cows had been milked, that is around 5:15 pm, indoor air temperature had risen to 23-25°C and relative air humidity had increased to 85-90%. After milking, that is after approx. 3 hours, air temperature inside the milking parlour was highest and reached 27-28°C; relative humidity soared to 93-96%. It was also noticeable that air temperature in the southern near-wall zone was slightly different than in the northern one. The temperature in the latter part was higher by 0.5 to 1.5°C. As a consequence, the last group of cows experienced the least favourable milking conditions. Some of the cows in this group even panted.
The velocity of air supplied by the fan working with maximum efficiency equalled 8 m·s The fans installed in the wall of the milking parlour were located close to each other (300 cm distance); as a result streams of supplied air interrupted each other causing turbulences in the southern row of milking stalls. Air velocity was variable and ranged between 0.1 and 0.3 m·s -1 ( Figure 5 ). In the northern lane, air velocity measurement was only possible along the axis of inlet fans. The stream of air supplied by the fan lost its momentum suddenly on the return lane partition wall and on barriers positioning the cows at the milker's pit. The assumed velocity of air in the milker's pit and in the northern row did not exceed 0.1 m·s -1 . The stream of air which collided with the barrier, turned towards the partition wall dividing the parlour from the return lane. However, it needs to be noted that cows were not present inside the milking parlour during the experiment. The animals would constitute an additional barrier for the movement of air flux towards the northern milking stalls ( Figure 5) .
Several experiments with the use of smoke (15 repetitions) conducted with maximum fans efficiency (for summer period) gave more comprehensive information on the movement of supplied air stream. Air streams reaching the level of 1.5 m reflected from the barriers and directed the smoke along the southern lane and towards the wall dividing the parlour from the return lane. Air turbulences occurring as a result of air dispersion at the first row of barriers caused gradual widening of the stream of smoke just behind the milker's pit. Consequently, the smoke penetrated through the barriers. The existing outlet openings in the ceiling did not work effectively. The smoke moved towards the holding area along the return lane and the southern row of milking stalls (Figure 6) . Part of the air penetrated through openings in the barriers creating local turbulences over the milker's pit. The air stream movement was slowed down and after penetrating through the second row of barriers, it came to an almost complete standstill. As a result, the air above the northern row of milking stalls did not move at all. 
discussion
A number of past studies has been devoted to the microclimate of free stall barns, especially in the context of cattle welfare (Albright and Timmons, 1984; Cook et al., 2005; De Palo, 2006; Herbut, 2010) or working environment (Reppo et al., 2004) . Specialist literature dealing with the issue of dairy cattle welfare in most cases tries to define recommended microclimatic conditions for free stall barns. The recommendations are usually limited to the definition of optimal air temperature and relative air humidity, which is regulated with the help of mechanical ventilation systems. , depending on weather type. Another range for ventilation efficiency has been determined by Bickert (2000) , according to whom it should remain between 85 and 800 m 3 ·h -1 for a cow of 635 kg. However, compared to other sources, these values seem to be slightly underestimated.
The designers of ventilation systems for milking parlours most often take into consideration the efficiency of fans, which enable the exchange of air appropriate for the given size and population density of the building.
However, in light of the conducted experiments, it seems that designing such a ventilation system without taking into consideration the existence of different air velocity zones may have a negative influence on both cattle welfare and operator's working conditions. Additional factors include draughts or air standstills occurring occasionally (Wathes et al., 1983) . Maintenance of constant conditions of air movement in the summer is particularly important because in our climate there occur high temperatures and large fluctuations of relative humidity, which can contribute to the formation of heat stress in cows (Romaniuk et al., 2005) .
Herringbone milking parlours are always equipped with barriers positioning cows during milking. Together with cattle bodies, these barriers create obstacles which prevent efficient supply of fresh air with the velocity suitable for summer and winter periods (Tuure, 2003) .
Therefore, it would seem justifiable to verify whether ventilation systems applied for herringbone milking parlours are optimal for these types of buildings. So far, the main criterion has been whether the system is capable of supplying a suitable amount of air inside the building. The choice made on the basis of this criterion may not only be inefficient but also dangerous. Suitable amount of air is supplied inside the milking parlour when the fans work with highest efficiency, which also means that the air stream velocity is at the top value. As a result, air stream velocity in some areas of the milking parlour is too high, which is definitely unfavourable to animals, even if we take into consideration that they stay inside for a short period of time. The appearance of zones of high air velocity may cause excessive cooling of animal bodies, breathing difficulties, udder inflammation and digestion problems (Janeczek et al., 1995) .
The situation is particularly dangerous when the last group of cows enters the milking parlour, because at that time, the temperature inside the building is already high, so is relative air humidity. In the researched milking parlour, by the time the first 20 cows had been milked, indoor air temperature ranged between 23 and 25°C; relative air humidity increased to 85-90%, which according to Romaniuk et al. (2005) who recommend maintaining the range of 60-80%, had exceeded the proper values and contributed to the development of thermal stress (Dikmen et al., 2008; Dikmen and Hausen, 2009; Silvestre et al., 2009) . These parameters gradually deteriorated as subsequent cow groups entered the milking parlour.
A negative impact of barriers on air flow conditions in the milking parlour, which may contribute to the deterioration of microclimate parameters and adversely affect the microclimate conditions, was stated.
The pattern of velocity of supplied air inside a herringbone milking parlour was very changeable. Along the northern row of milking stalls, the velocity of air stream was too low when compared to values recommended for the summer season. Along the southern lane, however, the velocity was too large.
Air movement inside the milking parlour was significantly disturbed by the partition wall dividing the return lane from the row of milking stalls and barriers positioning the cattle. The partition reduced the velocity of air supplied by the fan, which significantly limited the scope of supplied air.
The designers of ventilation systems for herringbone milking parlours should pay more consideration to barriers and partitions inside the building and disturbing the flow of air. The situation may be partly improved by installing fan blinders which would direct the air stream towards the ceiling. As a result, the air stream directed upwards would omit the barriers and partitions. Consequently, the scope of fresh air distribution would be wider, thus preventing excessive cooling of cow bodies. However, it seems that milking parlours of this type would work most efficiently if they were equipped with positive pressure ventilation systems with inlet fans installed on the roof of the building. stall-housed dairy herds. J. Dairy Sci., 88 (11): 3876-3885. D e P a l o P., T a t e o A., Z e z z a F., C o r r e n t e M. C e n t o d u c a t i P. (2006) . Influence of freestall flooring on comfort and hygiene of dairy cows during warm climatic conditions. J. Dairy Sci., 89 (12): 4583-4595. D i k m e n S., A l a v a E., P o n t e s E., F e a r J.M., D i k m e n B.Y., O l s o n T.A., H a n s e n P.J. (2008) . Differences in thermoregulatory ability between slick-haired and wild-type lactating Holstein cows in response to acute heat stress. J. Dairy Sci., 91: 3395-3402. D i k m e n S., H a n s e n P.J. (2009) . Is the temperature-humidity index the best indicator of heat stress in lactating dairy cows in a subtropical environment? J. Dairy Sci., 92: 109-116.
